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Abstract The success of biosurfactant production
depends on the development of cheaper processes
based on the use of low cost raw materials, which account
for 10-30% of the overall process cost. In Brazil, the
cashew apple agroindustry plays an outstanding role in
the local economy. However, only a small part of the
pseudofruit produced is used industrially and the
amount wasted (about 94%) presents high potential as
fermentation media, since it is rich in carbohydrate,
fibers, vitamins and minerals salts. In this work, the
performance of cashew apple juice (CAJ) as a complex
medium for Acinetobacter calcoaceticus growth and
production of biosurfactant was investigated. The
microorganism was able to grow and to produce bio-
surfactant on a defined culture medium and on CAJ,
reducing the surface tension of both media. The bio-
surfactant also achieved a maximum emulsion index of
80% for kerosene, when defined medium was used.
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Introduction

Biosurfactants are surface-active molecules produced
by microorganisms that find applications in an
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extremely wide variety of industrial process involving
emulsification, foaming, detergency, wetting, dispers-
ing or solubilization (Lin et al. 1998; Nitschke et al.
2004). Almost all surfactants in use are chemically
derived from petroleum, however, naturally surface-
active compounds, called biosurfactants, are attracting
attention due to several advantages over the chemical
surfactants, such as lower toxicity, good biodegrad-
ability and ecological acceptability, selectivity and
specificity at extreme temperatures, pH and salinity
(Nitschke et al. 2004; Ilori et al. 2005).

Nowadays, biosurfactants are not widely used due to
high production costs associated with use of expensive
substrates and inefficient product recovery methods
(Fox and Bala 2000). Therefore, a possible strategy to
reduce costs is the use of inexpensive substrates such as
agroindustrial wastes, if those residues generally con-
tain high levels of carbohydrates or lipids to support
growth and biosurfactant biosynthesis (Nitschke et al.
2005). Natural cashew apple juice (CAJ) is an example
of an inexpensive substrate, since it is a by-product of
the cashew nut industry.

In the north coast of Brazil, especially in the state of
Ceara, the cashew agroindustry has an outstanding role
in the local economy. The cashew apple, a pseudofruit
or peduncle, is the part of the tree that connects it to
the cashew nut, the real fruit and a well known product
around the world. The cashew apple is a hard, pear-
shaped, small and non climacteric fruit, and is found in
three colours: yellow, orange and red. The most com-
monly commercialized ones are the yellow and red
fruits. The edible portion, representing 90% of the
fruit, is a pseudofruit rich in vitamin C, flavour and
aroma. Internal and external market consumption of
cashew nut, in the year of 2004, was about 232,000
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tonnes. However, only 12% of the total peduncle is
consumed ‘‘in natura” or processed industrially to
produce a wide range of products from concentrated
juice to desserts. The industrially processed products
are basically consumed by the local market and they do
not play an important role in the state economy. Fur-
thermore, the majority of cashew apples rot in the soil
(Morton and Dowling 1987; Campos et al. 2002;
Assuncao & Mercadante 2003; Azevedo & Rodrigues
2000). Those facts, together with its rich composition
(see Table 1), turn cashew apple juice into an inter-
esting and inexpensive (R$1.00/kg) substrate for sev-
eral potential applications. Ezeronye (2004) has
studied its use as an alternative substrate for wine
production and the author concluded that cashew juice
was a good choice for commercial scale fermentation.
Osho (1995) observed the ability of cashew juice to
support the growth of yeasts and suggested it as a feed-
stock for single cell protein (SCP) and wine produc-
tion. Another author (Akinwale 2000) studied the use
of cashew apple juice to fortify the nutritional quality
of some tropical fruits, since it contains a high amount
of Vitamin C. In this work, cashew apple juice was
investigated as culture medium for the production of
biosurfactant using Acinetobacter calcoaceticus. Selec-
tion and utilization of CAJ for this purpose would offer

Table 1 Cashew apple juice composition

Parameter Content
Vitamin C x 10° (mg/1)*? 13.53-37.27
Brix" 74
PH*" 3.8-4.2
Malic acid (g/I)® 0.04
Total tannins x 10° (g/1)° 0.06
Condensed tannins x 10° (g/I)® 0.02
Calcium x 10° (g/1)? 0.09-0.54
Phosphorus x 10° (g/1)* 0.61-2.14
Iron x 10° (g/1)? 0.02-0.07
Carotene x 10° (g/1)? 3.0-75.51
Carbohydrates (g/1)* 0.9-0.97
Reducing sugars (%)° 10.7

Non reducing sugars (%) 0.4
Starch (%)° 8.5-2.7
Alanine (mM)! 3.36
Serine (mM)¢ 2.73
Phenylalanine (mM)“ 1.76
Leucine (mM)? 1.78
Glutamic acid (mM)? 1.48
Aspartic acid (mM)¢ 0.88
Proline (mM)“ 1.59
Tyrosine (mM)? 1.15

“Morton and Dowling (1987)
PCampos et al. (2002)
“Souza et al. (2002)
Oliveira et al. (2002)
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an alternative means of use, especially during peak
harvest periods.

The biosurfactant produced by A. calcoaceticus,
emulsan, is an extra cellular polyanionic amphipathic
heteropolysaccharide. Its amphipathic and polymeric
characteristics provide an emulsifying as well as a sta-
bilizing activity for oil/water systems (Shabtai 1990).
Due to its native properties as dispersant and its bio-
degradability, it is widely used in many industrial fields,
for instance, for cleaning oil-contaminated vessels and
oil-spill management, microbial enhanced oil recovery,
as wells as in creams, lotions, soaps and shampoo, as
well as in the food and agricultural industries (Choi
et al. 1996; Patil and Chopade 2001). Emulsan has been
studied in detail (Pail and Chopade 2001; Panilaitis
et al. 2002; Bach et al. 2003; Shabtai 1990; Rosenberg
and Ron 1997; Choi et al. 1996), but there is no report
of biosurfactant production using agroindustrial resi-
dues as alternative substrates.

Therefore, the aim of this work was to analyse the
biosurfactant production by Acinetobacter calcoaceti-
cus, and other related parameters, in a defined mineral
and a complex medium, cashew apple juice, and com-
pare the results obtained in order to determine the
potential of this agroindustrial waste to replace synthetic
medium.

Materials and methods
Microorganisms

Acinetobacter calcoaceticus RAG-1, the microorganism
used in this work, was kindly donated by Dr. Flavio
Tavares from the Genetic Department of Escola Supe-
rior de Agricultura Luiz de Queiroz (ESALQ/USP).
A. calcoaceticus was maintained on YEPD agar (2% of
glucose 1% de peptone and 1% yeast extract) at 4 °C.

Culture Medium and culture conditions

In this work, two culture media were investigated for
biosurfactant production: a defined mineral medium,
containing KH,PO, 1.834% (w/v); K,HPO, 0.6% (w/
v); MgSO,47H,0 0.02% (w/v); (NH4)>SO4 0.4% (w/v),
and natural cashew apple juice (CAJ), see Table 1 for
average composition.

The CAJ was withdrawn by compressing the cashew
apple (Anarcardium occidentale 1L.). Afterwards, the
pH was adjusted to 7.0 and the medium was exposed to
ultraviolet radiation for 1 h for sterilization in order to
avoid loss of heat-labile components. The mineral
medium was sterilized at 121 °C for 15 min.
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Inocula were prepared on a YEPD agar slant incu-
bated for 24 h at 30 °C. The culture was inoculated
into 500-ml Erlenmeyer flasks containing 50 ml of
defined medium or CAlJ.

The flasks were incubated on a rotary shaker (Tec-
nal — TE240, BR) at 30 °C 150 rev/min for 5 days. At
defined intervals, fermentation parameters, such as
biomass concentration, surface tension, total reducing
sugar and pH, were monitored.

Analytical methods
Biomass

Cell growth was determined by measuring the optical
density of samples, using a UV-visible spectropho-
tometer (20 Genesis, BR) at 540 nm.

Substrate Consuming

Total reducing sugars were determined colorimetri-
cally by dinitrosalicylic acid (DNS) method (Lima
Lobato et al. 2002). Usually 1.4 ml of DNS was added
to 1.4 ml of sample. The mixture was heated in a water
bath at 100 °C for 5 min and potassium sodium tartrate
was subsequently added. Afterwards, the solution was
cooled to room temperature and the absorbance was
measured at 540 nm. An appropriate calibration curve
was used to convert absorbance to concentration.

Emulsification activity

Emulsifying activity was performed according to Coo-
per and Goldenberg (1987) with slight modifications:
2 ml of cell free supernatant was added to 2 ml of
kerosene, containing 0.2 ml of pink dye and the mix-
ture was vortexed for 2 min. After 24 h, the height of
emulsion layer was measured. The emulsifying activity
(E,4) was calculated using equation 1 (Wei et al. 2005).

Ex(%) = H?ESL* 100 (1)

Where Hgp is the height of the emulsion layer and Hg
is the height of total solution.

Surface tension measurement

Surface tension was determined with Tensiometer
(Torsion Balance of White Electrical Instrument) at
30 °C when biosurfactant was produced on a mineral
medium. The surface tension determinations were
replicated and performed using cell free supernatants
obtained after centrifugation.

When CAJ medium was used, surface tension was
determined in relation to water using stalagmometer.
The surface tension (¢) was calculated using equation 2
(Adamczak and Bednarski 2000).

n

0= water * Owater (2)
n

Where owater 1S the surface tension of water at 20 °C; n

and Ay, is the amount of droplets of the sample and

water, respectively.

Results and discussion

Biosurfactant production with A. calcoaceticus in
mineral media

Biosurfactant production by Acinetobacter calcoaceti-
cus was carried out in batch assays and process
parameters were monitored. Figure 1 shows microbial
growth, biosurfactant production and emulsifying
activity (E,4) of the fermentation broth using a defined
medium and Acinetobacter calcoaceticus.

The highest biomass yield was obtained after 24 h of
incubation, which remained in stationary phase up to
96 h. At this phase, the surface tension of the broth was
reduced by 11% just after biomass addition to the
culture medium, which continued unchanged until
96 h. Some authors (Lima Lobato et al. 2002; Ferraz
et al. 2002) report the same behaviour and explain that
even in the presence of a small concentration of bio-
surfactant, the critical micellar concentration may be
achieved, above which no further variation in the sur-
face tension can be observed. Moreover, some microbial
cells present high superficial hydrophobicity, for
instance Acinetobacter calcoaceticus (Nitschke and
Pastore 2002), which would explain the rapid decrease
in surface tension at the beginning of the assay.

It was observed (Fig. 1) that no emulsifying activity
was detected before 50 h of cultivation and after 90 h,
a E,4 value of 85.7% was obtained, showing that the
supernantant was able to emulsify kerosene. It can be
also observed that the emulsifying activity of the
supernatant coincides with the microorganism station-
ary phase, what indicates that the biosurfactant is an
secondary metabolite.

Biosurfactant production with A. calcoaceticus in
cashew apple juice (CAJ)

Figure 2 show the time course behaviour of cell

growth, substrate uptake (total reducing sugars), sur-
face tension and emulsifying activity (£,4) of supernatant
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Fig. 1 Time course of biosurfactant production by Acinetobacter
calcoaceticus in a defined mineral media at 30°C and pH 7.0: ((OJ)
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Fig. 2 Time course of cell growth, surface tension of supernatant
and substrate uptake, total reducing sugars) during Acinetobacter
calcoaceticus cultivation in a complex medium (cashew apple
juice) medium at 30 °C and pH 7.0

during the cultivation of Acinetobacter calcoaceticus in
natural cashew apple juice (CAJ). It can be observed
that cell growth is a typical cell growth curve. More-
over, substrate uptake was concentrated on the log
phase and the stationary phase was achieved when
substrate was exhausted. The same behaviour was
observed for several authors studying different micro-
organisms (Nitschke and Pastore 2002; Lima Lobato
et al. 2002; Santa Anna et al. 2001). A comparison
between cell growth, surface tension and substrate
uptake showed that the biosurfactant was produced
after 15 h of cultivation, which coincides with the
exhaustion of substrate and the beginning of the
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stationary phase. Several biosurfactants were recog-
nized as secondary metabolites, while others were
considered growth-associated (Desai and Banat 1997).
In this study, the observed behaviour is typical of
secondary metabolites.

It can be also observed (Fig. 2) that an emulsifying
activity value of 58.8% was obtained, after 34 h,
showing that the supernantant was able to emulsify
kerosene.

Conclusions

In this study, cashew apple juice (CAJ), an agroin-
dustrial residue, was investigated for the production of
biosurfactant by fermentation using Acinetobacter
calcoaceticus. The total reducing sugars consumption
of CAJ implies that it is a viable substrate for bio-
surfactant production by A. calcoacetucis. This initial
study indicates that traditional carbon sources for
biosurfactant production may be replaced by CAJ.
Moreover, the use of cashew apple juice as a culture
medium would provide an alternative of waste man-
agement for the productive chain of cashew nut, an
important industrial segment in Northeast Brazil.
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